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The first part of the talk will discuss reaction kinetics and molecular architecture development during free-radical, 
bulk copolymerizations of a homologous series of methacrylate monomers with a series of dimethacrylate 
crosslinkers of varying alkyl spacer lengths.  The overall objective of this work was to determine the extent to 
which the ester side chains of the methacrylate monomers hinder chain-end radical propagation reactions 
through the pendent vinyl groups of the crosslinking monomer. We have determined that this steric hindrance is 
quite significant and increases to the point where the sweeping radius of the pendent vinyl can be obstructed by 
the neighboring monomer ester side groups.  The effective sweeping radius of the pendent vinyl can be 
equivalently expressed by various combinations of dimethacrylate and methacrylate. These combinations and 
the resulting accessible volume surrounding the pendent vinyl can be expressed by a reduced reactivity 
parameter, Ψ𝐶,𝑋, that is different for each monomer-crosslinker pair. With this single kinetic parameter 
adjustment, we developed a Monte Carlo (MC) model that is able to effectively predict the reaction kinetics, gel 
points, and sol−gel fractions throughout the entire reactions, including the solvent swelling ratio of the gel for 
various levels of crosslinker. This effective sweeping radius argument is corroborated by Molecular Dynamics 
(MD) simulations, as well.  An additional insight from MD that transposes directly onto the kinetic and topological 
network data is that above a certain alkyl length, the effective length of the side chains compresses to tighter 
conformations; in cases resulting in non-intuitive accessible volume.  Simulations of these highly diffusion-
controlled crosslinking reactions can offer molecular insights that are very difficult, or impossible, to infer from 
experiments alone.   
 
The second part of the talk will continue to explore crosslinking reactions involving divinyl monomers, yet will 
focus on those reactions in seeded emulsion polymerization. While bulk polymerization provides a good system 
for understanding and extracting reaction parameters for crosslinker monomers, the emulsion polymerization 
provides an opportunity to fine tune the network characteristics by controlling and changing the process 
parameters like monomer and crosslinker feed rates. Along with conventional batch and fed (semi-batch) 
systems, interesting non-linear feed profiles were also studied.  Here, the goal was to independently tune the 
system to a target crosslink density via two types of levers; chemistry (through the choice of monomer-
crosslinker pair, Ψ𝐶,𝑋) and process (through process control manipulating the standing monomer content in the 
reactor at any point during the reaction progress). 
 
  
